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Available online 5 November 2016The human embryonic stem cell (hESC) line chHES-458 was derived from a abnormal blastocyst carrying the ex-
panded CAG repeat mutation of the HTT gene that would lead to Huntington disease. This cell line maintained a
normal karyotype 46, XX during long-term culture and displayed pluripotent characteristics, including expres-
sion of pluripotency-related transcription factors and capacity of forming well-differentiated three germ layers
after being injected into the SCID mice.
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Huntingtondisease is a progressive autosomal dominant neurodegen-
erative disorder causedby amutant CAG repeat expansion in theHDgene
(HTT). The chHES-458 cell linewas derived froman abnormal embryo do-
nated by a couplewith a family history of Huntingtondisease after preim-
plantation genetic diagnosis (PGD) treatment. PCR analysis conﬁrmed
that the chHES-458 cell line expressed pathogenic exon 1 of the HTT
gene with 52 CAG repeats (Fig. 1A). In addition, the chHES-458 cells
showed a stable Karyotype of 46, XX during long-term culture (Fig. 1B).
The cell line chHES-458 presented pluripotent characteristics. The un-
differentiated cells expressed the pluripotency-related genes such as
POU5F1, SOX2, NANOG, KLF4, TERF1 and THY1 detected by RT-PCR (Fig.
1C). The cells also expressed the pluripotent markers POU5F1, NANOG,
TRA-1-60, and TRA-1-81 conﬁrmed by immunocytochemistry analysis
(Fig. 1D). The differentiation capability was demonstrated by embryoid
body (EB) formation in vitro and teratoma formation in vivo. The immuno-
cytochemistry analysis proved that the EB derivatives came from the three
germ layers (ectoderm: TUJ1;mesoderm: SMA; endoderm: AFP) (Fig. 1E).
The teratoma contained the tissues of all three germ layers, such as the
neuroepithelium, cartilage and digestive tract, respectively, which are rep-
resentations of the ectoderm, mesoderm and endoderm (Fig. 1F).
2. Materials and methods
2.1. Source of embryo
This study was approved by the ethical committee of the Reproduc-
tive and Genetic Hospital of CITIC— Xiangya. Abnormal embryos with aC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1.Characterization of chHES-458 cell line. (A) The expanded (CAG)n repeat of theHTT gene in the chHES-458 cell linewasdetected by PCR analysis. Lane 1: chHES-458 cells showed an
expanded allele of about 240 bp indicating about 52 CAG repeats in the HTT gene andwere consistent with the positive control; lane 2: positive control; lane 3:wild-type control showed a
normal allele of about 140 bp indicating 19 CAG repeats; lane 4: DNA-free control; (B) chHES-458 had a normal karyotype 46, XX. (C) Expression of pluripotency related genes by RT-PCR.
Genes such as POU5F1, SOX2, NANOG, KLF4, TERF1 and THY1were detected in the undifferentiated cells. (D) chHES-458 colonies were positive for pluripotent markers: POU5F1, NANOG,
TRA-1-61, and TRA-1-81. Scale bar= 100 μm. (E) Derivatives from embryoid bodies were positive for three germ layer markers: TUJ1, SMA and AFP. (F) Histological sections of teratomas
formed by the chHES-458 cell line contain tissues derived from three germ layers. Scale bar = 50 μm.
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donated by a couple with a family history of Huntington disease after
signed informed consent. These embryos were cultured in G-series se-
quential medium (G1 and G2, Vitrolife) to the blastocyst stage at 37 °C
in 5% CO2, 5% O2 and 90% N2 with 95% humidity.
2.2. hESC line derivation and cell culture
The cell line chHES-458 was derived from the inner cell mass (ICM)
of the blastocyst carrying the pathogenic HTT mutant with 52 CAG re-
peats. The methodology used for hESC line derivation was performed
as previously described (Lin et al., 2009). The ICMwasmechanically iso-
lated and grown on inactivated mouse embryonic ﬁbroblasts. The cellswere maintained in ES medium containing DMEM/F12 supplemented
with 15% knockout serum replacement, 2 mM nonessential amino
acids, 0.1 mM β-mercaptoethanol, 2 mM L-glutamine, and 4 ng/mL of
basic ﬁbroblast growth factor (bFGF) (all from Invitrogen). When the
embryo outgrowth was observed, it was switched to fresh feeders and
the hESC-colony morphology was obtained. hESC colonies were me-
chanically passaged every 5–7 days for long-term culture.
2.3. Mutation veriﬁcation
Genomic DNA of the cells was extracted using a QIAmp®DNAmini kit
(QIAGEN). PCR was conducted using a 50 μL PCR ampliﬁcation reaction
mixture which contained 1.5 μL of 100 ng genomic DNA, 1 μL of 1.0 μM
Table 1
List of primers used in RT-PCR.
Genes Primer sequence Temp. (°C) Product size (bp)
POU5F1 5′-AGCGAACCAGTATCGAGAAC-3′ 54 142
5′-TTACAGAACCACACTCGGAC-3′
KLF4 5′-TCTCAAGGCACACCTGCGAA-3′ 55 105
5′-TAGTGCCTGGTCAGTTCATC-3′
NANOG 5′-TGAACCTCAGCTACAAACAG-3′ 52 154
5′-TGGTGGTAGGAAGAGTAAAG-3′
SOX2 5′-AGCTACAGCATGATGCAGGA-3′ 55 126
5′-GGTCATGGAGTTGTACTGCA-3′
TERF1 5′-GCAACAGCGCAGAGGCTATTATT-3′ 58 160
5′-AGGGCTGATTCCAAGGGTGTAA-3′
THY1 5′-AGAATACCAGCAGTTCACCCATCC-3′ 58 293
5′-CCTCACACTTGACCAGTTTGTCTCTG-3′
β-Actin 5′-TCCCTGGAGAAGAGCTACGA-3′ 57 194
5′-AGCACTGTGTTGGCGTACAG-3′
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GTCCTTC-3′ and the reverse primer: 5′-GGCTGAGGAAGCTGAGGAG-3′),
5 μL of 2.5 mmol/L dNTPs, 25 μL of 10 × GC buffer II (Takara) and 0.5 μL
of LA Taq (Takara). Cycling conditions were as follows: 95 °C for 1.5 min
followed by 35 cycles of ampliﬁcation (95 °C denaturation for 40 s, 60 °C
annealing for 40 s, 72 °C elongation for 40 s) and a ﬁnal extension at
72 °C for 5 min. The PCR products were electrophoresed on a 2% agarose
gel, and images were taken on a UV transluminator (Beckman Coulter).
2.4. Karyotype analysis
The chHES-458 cells were treated with 0.1 μg/mL KaryoMAX®
Colcemid™ solution (GIBCO) for 3 h and 30 min and harvested with
accutase (Millipore). Then cells were sent for hypotonic treatment
with a 75 mM KCl solution, ﬁxed with a mixed solution of methanol
and acetic acid (3:1), and ﬁnally for standard G-banding karyotype
analysis.
2.5. RT-PCR
Total RNAwas extracted using a TRIzol reagent (Invitrogen). Reverse
transcription was performed using a Transcriptor First Strand cDNA
Synthesis kit (Roche). PCR thermal circulation included cDNA heat de-
naturation (95 °C, 30 s), anneal (54–64 °C for 30 s), extend (72 °C for
30 s) and a ﬁnal extension at 72 °C for 5 min. PCR products were ana-
lyzed by agarose gel electrophoresis and ultimately observed and
photographed using a UV transluminator. The PCR primer sequence an-
nealing temperatures and primer sequence are shown in Table 1.
2.6. Immunocytochemistry
The chHES-458 cells were ﬁxed with 4% paraformaldehyde for
15 min at room temperature, permeabilized with 0.2% Triton X-100
for 30 min, and blocked with 10% donkey serum in PBS. The cells were
incubatedwith the following primary antibody diluted in blocking solu-
tion overnight at 4 °C: POU5F1 (1:200, Santa Cruz), NANOG (1:50,
Abcam), TRA-1-60 (1:50, Millipore), and TRA-1-81 (1:50, Millipore).
The cells were then washed with PBS to remove the unbound antibod-
ies, and incubated with the following secondary antibody for 1 h in a
darkroom: Alexa Fluor® 488 donkey anti-mouse lgG or Alexa Fluor®
594 donkey anti-rabbit lgG (1:1000, Life Technologies). Nuclei were
counterstained with DAPI (1:1000, Sigma). All the images were ac-
quired with an epiﬂuorescence microscope (Nikon Eclipse TE2000-U).
2.7. In vitro differentiation
The differentiation ability of chHES-458 cells were evaluated by in
vivo teratoma formation. Undifferentiated cell colonieswere dissociatedwith dispase and collected for subcutaneous injection into SCID mice.
After 10 weeks, teratomawas harvested and ﬁxed to identify the deriv-
atives from three germ layers; hematoxylin and eosin (H&E) staining
was carried out for the histological analysis.
3. Veriﬁcation and authentication
Karyotyping and PCR analysiswere performed at the Reproductive &
Genetic Hospital of CITIC — Xiangya. Twenty metaphase cells were ob-
served and all had a normal karyotype of 46, XX. The results of PCR-
RFLP assay conﬁrmed a pathogenic CAG repeat expansion of HTT exon
1 in the chHES-458 cells.
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